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Figure 1. Map showing location and boundaries

of the inactive and active

(stippled) parts of the

Slumgullion landslide ....ccceeevssncsccns 2
2. Vertical aerial photograph of the

Slumgullion landslide in 1990

Boundaries of active (solid line)

and inactive (dashed line) parts

outlined ® © 0 0 & & 0 0 0 0 0 0 S S SO O E e 3
3. Map showing location of photographs

and direction of view. Numbers

refer to figure numbers cited in

text ht.llll....o.................0.......0 5
4. Examples of split trees on the north

side of the toe area of the active

landslide: a) tree split into four

parts, along a complex fault having

opening and right-lateral strike-



10.

slip motion. Overall opening is 1.8
m, right-lateral displacement is 0.5
m. b) aspen tree split along a
tension crack; opening is 0.7 m.
For photo location, see fig. 3 ....cccvce
View of the west part of the headscarp
area. Note the abundance of yellow
(light colored) clay-rich material
in the lower part of the scarp and
the well developed badlands formed
in landslide deposit in the
foreground. For photo location, see

fig.3‘.‘C‘CCC.O.‘.'00000000.‘000.....‘00
Longitudinal profile of the active part
of the Slumgullion landslide ® ¢ 6 06 06 0 0 06 0 0 0 0 0

View of the northwestern part of the
main scarp showing the materials
involved in the landslide. For the
most part, the materials are reddish
brown volcanic flow rocks and tuffs
that have locally been altered to
yellow or red clay. Note the
accumulations of talus that cover
the lower part of the slope. For
photo location, see fig. 3 .¢.ccecceencene
View of the western part of the source
area, showing some of the talus
accumulations at the base of the
scarp. Coarser materials are
concentrated in the lower part
forming a bulge. The person on the
boulder in the foreground gives
the scale. For photo location, see
fig. 3 ceeeeeen csseeccssssessassenssesesas
Partially buried tongue of rock
debris adjacent to a lacustrine
deposit of clayey material in the
head regions of the inactive landslide.
For photo location, see fig. 3 ..ccceceess
Flank ridges on older, inactive
landslide formed in the yellow clay-
rich landslide deposit. The boundary
of the inactive landslide is out of
view about 50 m to the right side of
the photograph. The boundary of the
active landslide is a few meters out
of view to the left of the photograph.
Note the difference in the height of
the two flank ridges visible in this
view. The larger ridge (a), on the
right side may correlate with the
initial failure 700 years ago, and
the younger ridge (b) may record a
separate episode of movement between
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12.
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initial failure and the currently

active part of the Slumgullion

landslide. For photo location, see

fig. 3 .. eiiiiiiiiinnne ceceesssscessanss
Map showing locations of points

where rate of displacement has been

measured. Points A-E from Crandell

and Varnes (1961); points F to I

from unpublished data of Baum and

Fleming. Point J is the U.S. General

Land Office bench mark that was

established in 1929. Amounts of

landslide velocity shown .......cco0000000e
View of the overriding plate of

a small thrust fault (a) at

edge on a dry pond, looking upstream

along the left flank. The thrust is

about 15 m wide and does not present

a steep scarp in its frontal part.

For photo location, see fig. 3 ...........
Detail of the fault zone on the ’

left flank of the landslide. The

trace of the left-lateral strike-slip

fault and the associated set of en

echelon cracks are highlighted. In

the middle of the photograph, the

ground is broken by en echelon

tension cracks, and the course of

the strike-slip fault is not clearly

defined. The field board, on the

upper right corner of the photograph,

is about 1 meter in height. For

photo location, see fig. 3 ........... ceee
Association of en echelon tension

cracks, folds and thrust faults in

the vicinity of the left-lateral

strike-slip fault bounding the

left flank of the active landslide.

Fig. 14b is a sketch made from the

photograph. The course of the

strike-slip fault is parallel to

the long side of the photograph; the

dark material at the top of the

photograph is part of the active

flank ridge being formed. Lens cap

is 5.2 cm in diameter. For photo

location, see fig. 3 ...ttt encncnns
En echelon tension cracks and

thrust faults associated with a

left-lateral strike-slip fault on

the left flank of the active landslide.

The course of the strike-slip fault

is parallel to the long side of the

photograph. Fig. 15b is a sketch made
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16.

17.

18.

19.

from the photograph. The cracks

present both simple and sigmoidal

shapes, with maximum width occurring

at their midlength, and with length
several times greater than the width.

Lens cap is 5.2 cm in diameter.

Thrust faults are generally at right
angles to the cracks. For photo location,
see fig. 3 ...ciieieiittetcicttta e

a) Downhill view of basin on the right

flank caused by right bend in strike-
slip fault. b) Sketch of features

visible on the photograph. The basin

is being filled by material

entering the basin through a complex
system of right-lateral strike-slip
faults and thrust faults. For photo
location, see fig. 3 ...ttt ecceranns

Comparison between active flank ridge

in the foreground and inactive flank
ridge in the background, on the left
flank of the landslide. The left-

lateral strike-slip fault marking the
boundary runs on the inside of the

active ridge. Height of the active

ridge is 0.4 m; height of the inactive
ridge is 5 m. For photo location, see

£ig. 3 ittt eicttststsesectssssn00nsessannns

Upper part of the left flank of the active

0ld

landslide: a) looking uphill;

b) looking downhill. The prominent
flank ridge extends from the distal
part of the largest rock-debris apron
present in the source area. A pond
has formed outside the flank ridge
where it curves to the right. Note
the concentration of coarser material
and boulders at the top of the ridge.
Farther downslope, such coarse
material is much less common. For
photo location, see fig. 3 .......c000000
remnant of a flank ridge on the left
side of the active landslide. The
trace of the old, inactive ridge is
not continuous, but consists of
several small fragments of different
lengths and sizes. The main fault is
in the small channel in the middle

of the photograph. Non-moving ground
on the left side of the photograph,
moving ground on the right. The
active flank ridge is out of view to
the right. For photo location, see
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21.

View of flank ridge on the right side of
the active landslide that is broken
by normal faults and tension cracks,
which trend about normal to the trend
of the ridge. Person on the left side
of the photograph gives scale. For
photo location, see fig. 3 ......... .

Downhill view of the main pond near
station 3,000. Note the bulging and
transverse cracks in the lower area.
The length of the pond is about 150
meters, its width about 90 meters.
Pond sediments are deposited at the
right side of the area. Toward the
left, at the downhill edge of the
sediments, the surface is tilted
upslope indicating that the failure
surface in this area tilts upslope.
Note that trees have been transported
into the ponded area and killed by
partial burial by sediments. Farther
downhill in pond sediments, the old
trees are absent and new vegetation
has sprouted in the pond sediments.

For photo location, see fig. 3 ..... ceecan

22 - Example of small pond, looking downhill.

23.

24.

25.

Notice that the surface containing
the pond faces uphill. The dark
color of the pond is caused by algal
growth. For photo location, see
fig. 3 it it i s i s N
View of the active toe, which here is
about 7 m high. The non-moving ground
is in the foreground. Trees at left
have been overrun by the toe. The
trees in the middle of the view have
been killed by partial burial by
sediment washed from the actively
moving part. For photo location, see

flg 3...' ooooooooooooooooooooo . e v o v 0 00 0

Pressure ridges in marshy areas adjacent
to the northwestern edge of the
active toe: a) frontal view; b)
lateral view. The steps are up to 1.2
m high, and broken by transverse
cracks up to 0.8 m wide. For photo
location, see fig. 3 ...ttt

Sketch showing the main areas of the
active part of the Slumgullion
landslide, inferred from the mapping

and interpretation of surface features.

Station line shown for reference to
structures cited in text ........ ceeon
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Table 1.

Plate 1.

TABLE

Morphometric measurements on inactive
and active parts of the Slumgullion
landslide @ & & & & 0 0 0 0 0 0 06 06 6 0 0 0 0 6 06 06 0 6 0 0 00 0000 s o

PLATE

Map of active part of the Slumgullion
landslide, showing surface structures as
appeared in the summer of 1991. Stations
in meters shown for reference to structures
cited in text.
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SURFACE FEATURES AND KINEMATICS OF THE SLUMGULLION LANDSLIDE

NEAR LAKE CITY, COLORADO

by

Raffaela Guzzi and Mario Parise

ABSTRACT

The Slumgullion landslide, in southwestern Colorado, is a complex landslide
consisting of an active landslide currently moving on the upper part of an older,
larger, and inactive landslide. The inactive landslide occurred 700 years ago and
dammed the Lake Fork of the Gunnison River forming Lake SanSCr}stobal. The
landslide deposit is 6.8 km long with a volume of about 170 x 10" m”. The activ%
l§ndslide, 300 years old, is 3.9 km long and has an estimated volume of 20 x 10
m .

Scant data indicate that the fastest movement occurs near the central and
narrowest part of the active landslide. The upslope one-fourth of the landslide,
about 350 m wide, moves approximately 2 m/yr. The central part is about 180 m
wide and moves 6 m/yr. The toe is 430 m wide and moves about 1.3 m/yr.

Surface structures of the active part of the Slumgullion landslide include
scarps, strike-slip faults, thrust faults, tension cracks, flank ridges, folds,
and ponds. These structures are ephemeral; the continuous movement of the
landslide tends to modify or destroy them.

Transverse scarps, created by normal faults, are concentrated in the upper
part of the landslide whereas longitudinal scarps, created mainly by strike-slip
faults, are present in the middle to lower part. Thrust faults are evident in the
downslope part of the landslide, marking a large internal toe and the limiting
active toe of the Slumgullion landslide. Strike-slip faults, present as segments,
bound the flanks of the entire active landslide. There are also internal strike-
slip faults within the middle part of the landslide including the narrowest part.
Individual segments of the strike-slip faults can be as long as hundreds of
meters; en echelon tension cracks, scarps, folds, basins, and flank ridges are
associated with them.

] Analysis of the distribution of surface structures,and the distribution of
velocities enabled us to distinguish three main kinematic zones within the
landslide, going downhill from its upper part: a zone of longitudinal stretching,

a zone of strike—slip faulting, and a zone of longitudinal shortening.

INTRODUCTION

The Slumgullion landslide, near Lake City, Colorado (figs. 1
and 2), has been described since the last century as one of the
larger active landslides in the world (Endlich, 1876; Howe, 1909;
Atwood and Mather, 1932; Burbank, 1947; Crandell and Varnes, 1960,
1961; Keefer and Johnson, 1983). In spite of this, until today it
has not received detailed quantitative study, with the exception of
the study by Crandell and Varnes in 1961.







































































































































